INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is the commonest form of fibrotic idiopathic interstitial pneumonia (IIP) . Approximately 5000 new cases are diagnosed each year in the UK and the prevalence is rising. 1 Patients usually present with symptoms of progressive breathlessness and cough resulting in impaired quality of life. Furthermore, the prognosis for people with IPF is poor as the 5-year survival is between 20% and 40% 2 and no treatments have been proved to reduce mortality. Given the poor survival and lack of effective treatment, there has been a renewed search for novel treatment options 3 but few studies have achieved their primary endpoint. 4 In a previous pilot study of 20 patients with IIP, co-trimoxazole treatment improved forced vital capacity (FVC), shuttle walk distance and Medical Research Council (MRC) dyspnoea score over 3 months. 5 We therefore conducted a larger clinical trial to compare the efficacy and safety of the addition of 12 months of oral co-trimoxazole to standard treatment for fibrotic IIP.
METHODS
This was a multicentre randomised placebocontrolled double-blind parallel-group study of 12 months treatment with co-trimoxazole in 181
Key messages
What is the key question?
▸ What is the efficacy and safety of the addition of 12 months of oral co-trimoxazole to standard treatment for fibrotic idiopathic interstitial pneumonia?
What is the bottom line?
▸ Co-trimoxazole treatment has no effect on pulmonary function or 6 min walk distance in patients with fibrotic idiopathic interstitial pneumonia (the majority of whom had idiopathic pulmonary fibrosis) but, given adequate adherence to the medication, may lead to a significant reduction in all-cause mortality associated with reduction in frequency of respiratory tract infections and improved overall health-related quality of life.
Why read on?
▸ Idiopathic pulmonary fibrosis (IPF) is a fatal condition with limited treatment options. This non-pharmaceutically sponsored study suggests that co-trimoxazole may have a therapeutic role in IPF. This may be due to antibiotic mechanisms.
patients with fibrotic IIP. Patients were recruited from 28 university and district hospitals in England and Wales between January 2008 and December 2009. The study was conducted in accordance with good clinical practice and all participants gave written informed consent.
Patients
Eligible patients had a clinical diagnosis of fibrotic IIP including either IPF 6 or fibrotic non-specific interstitial pneumonia (NSIP). Patients who were aged over 40 years, had a MRC dyspnoea score of ≥2 and whose treatment regimens had remained unchanged for at least 6 weeks were entered into the study. A protocol amendment was approved to include patients not receiving immunosuppressive therapy as long as they had progressive disease with deteriorating lung function (≥10% decline in FVC or ≥15% decline in diffusing capacity of carbon monoxide (DLCO) over the preceding 6-12 months) 7 and those receiving antioxidants to reflect changes in UK prescribing practice. Women were of non-childbearing potential. Patients were excluded if a secondary cause for pulmonary fibrosis was identified, if they were receiving immunosuppressant medication other than prednisolone, azathioprine or mycophenolate mofetil, had co-trimoxazole allergy or intolerance, untreated folate or B12 deficiency, a respiratory tract infection within 2 months prior to randomisation or if they had a significant concomitant disease that could affect subject safety or influence the study outcome.
A blinded retrospective radiological review was undertaken by two specialist respiratory radiologists using published criteria 8 for those patients where a histopathological diagnosis of usual interstitial pneumonia (UIP) or NSIP was not available. In addition, the high resolution CT (HRCT) scans of patients without definite IPF were scored according to the algorithm described by Fell et al 9 to predict the probability of IPF.
Intervention
The randomisation was performed centrally using a computergenerated randomisation code and the site research pharmacist was informed of the code by email via Norwich Clinical Trials Unit (CTU). Patients were randomised, with stratification for the site and the use of azathioprine/mycophenolate mofetil, to receive either co-trimoxazole (Essential Generics, Egham, Surrey, UK) 960 mg (as two tablets of 480 mg each) twice daily or an identical placebo (manufactured from the pharmacy at Guy's and St Thomas' Hospital, London), two tablets twice daily in addition to their usual care. The medication was dispensed at each study visit in containers each having 1 months' supply of the study drug. Each patient received folic acid (nonproprietary) 5 mg once daily. The use of additional antibiotics was permitted for intercurrent infections. Adherence was assessed by a review of returns from accountability logs for each patient and was considered to be acceptable if at least 80% of study medication was taken. A password-protected web-based database (Norwich CTU) was used for data collection. Data validation was performed prior to the database lock and unblinding.
Measurements
The following measurements were assessed at 6 weeks and at 6, 9 and 12 months following randomisation: spirometry (FVC was the primary endpoint), MRC dyspnoea score, safety laboratory tests, the EuroQol (EQ5D) questionnaire and resource use. In addition, all patients completed a St George's Respiratory Questionnaire (SGRQ) 10 at screening and 6 and 12 months after randomisation. A 6-minute walk test (6 MWT) with assessment of oxygen desaturation and distance walked, 11 DLCO and static lung volumes including total lung capacity was performed in selected patients where facilities were available. For the duration of the study, an assessment of tertiary endpoints including all-cause mortality, hospitalisations, the requirement for escalation of therapy and adverse events was made. The reason for admission to hospital and the cause of death was obtained from death certificates and adverse event reporting forms, which were reviewed by two blinded physicians.
The safety monitoring included screening for glucose-6-phosphate deficiency at recruitment, laboratory tests (full blood count, urea and electrolytes, and liver function tests) at each visit and full blood count every 2 weeks in patients receiving azathioprine or mycophenolate mofetil. Increased monitoring of serum digoxin levels and international normalised ratio was undertaken as required. An interim blinded safety analysis was performed when 50% of patients completed 50% of their treatment to ensure that any unexpected safety issues were identified early.
Statistical methods
The primary endpoint was a change in FVC after 12 months. A sample of 128 subjects had 80% power to detect a difference of 200 ml in FVC, assuming a SD of 400 ml. We analysed the primary outcome using a linear mixed model with site as a random effect and the use of azathioprine/mycophenolate mofetil as a fixed effect. An 'adjusted' analysis was performed by adjusting for the baseline value of the outcome. For binary outcome measures, a logistic mixed model was used and for time until death a Cox proportional hazards model was used. A per-protocol analysis excluded patients not adhering to study medication or withdrawing from the trial prior to death. Additionally, in the per-protocol analysis for deaths and FVC, we undertook a sensitivity analysis that included only individuals with a definite/probable diagnosis of IPF. 8 9 A subgroup analysis of deaths by immunosuppression treatment at baseline in the per-protocol population was undertaken. The proportions of individuals with at least one adverse event were compared using the χ 2 test. In order to assess for sensitivity of the results to missing data, a sensitivity analysis was conducted by multiple imputation. The safety analysis consisted of all patients who took at least one dose of study medication. Health state utilities were calculated from EQ5D results using standard UK health state valuations. 12 An economic evaluation combining outcomes and resource use analysis will be reported in a separate paper. Analysis was performed in a blinded fashion.
RESULTS

Baseline characteristics
The intention-to-treat analysis included 181 randomised patients (figure 1). Patients had a mean age of 71.6±8.5 years with an FVC% predicted of 70.7±21.2% and DLCO% predicted of 37.5±11.5%. The treatment groups were generally well matched, although patients in the co-trimoxazole group may have had shorter disease duration, and hence no adjustment to the analysis was required to account for baseline imbalance (table 1) . Eleven patients (6%) had a clinical diagnosis of fibrotic NSIP. Of these, three had their diagnosis confirmed by a surgical lung biopsy. The remaining eight patients with non-biopsy-proven NSIP had a mean age of 65 years, mean DLCO of 36% predicted and two were taking prednisolone. Seventy-five patients had a definite diagnosis of IPF (histopathology or diagnostic thoracic HRCT scan). In addition, 87 were predicted to have IPF with UIP histopathology according to the criteria of Fell et al 9 and 86 had probable IPF radiologically. 8 Overall adherence to the study medication was good, with 96% of patients in the co-trimoxazole group and 90% in the placebo group receiving more than 80% of the scheduled study drug doses.
Interim analysis
The blinded interim analysis of safety showed no significant difference in the percentage of patients dying, the average number of adverse events or serious adverse events between the two groups.
Efficacy
Intention-to-treat population
There was no significant difference between treatment groups for change in pulmonary function parameters (table 2) . Analysis of the other endpoints found significant differences in the symptom domain of the SGRQ and the percentage of patients requiring an increase in oxygen therapy in favour of co-trimoxazole treatment. The results of the imputation sensitivity analysis (not shown) revealed that the results were robust to missing data. No evidence was found for a subgroup effect of baseline disease severity (FVC< or >60% predicted) on FVC ( p=0.861) or deaths ( p=0.816), or baseline medication (receiving immunosuppressive therapy or not) on FVC ( p=0.594) or deaths ( p=0.151), nor did these significantly alter the treatment effect. Thirty-seven patients (20%) had died by the end of the study, 19 (22%) in the placebo group and 18 (19%) in the co-trimoxazole group ( p=0.379, figure 2 ). The majority of the deaths (35/37) were due to a respiratory cause with 19 (9 in the placebo group) attributed to IPF progression itself and 11 (7 in the placebo group) as a result of pneumonia. None of the deaths were related to the use of the study drug as assessed by the investigator. Among those patients who withdrew from the study prematurely, by 12 months after recruitment five patients in the placebo arm died (four of these withdrew consent and one had an adverse event) and 15 patients in the co-trimoxazole arm died (two of these withdrew consent, one was a post-randomisation withdrawal and 12 withdrew due to an adverse event); 90% of these deaths were due to a respiratory cause (with two non-respiratory deaths in the co-trimoxazole group) and a quarter of patients in each group died as a result of pneumonia.
Per-protocol population
The results were in keeping with the intention-to-treat analysis for both primary and secondary endpoints (figure 2 and online table E1). Co-trimoxazole resulted in a significant improvement in the symptom domain of SGRQ (mean difference 5.30 units (95% CI −11.99 to 1.40)), EQ5D-based utility (mean difference Figure 1 Disposition of patients. Lung function data required for the primary endpoint were obtained from four patients in the placebo group and nine patients in the co-trimoxazole group from routine clinical data following withdrawal from the study; n, number of patients.
0.12 (95% CI 0.01 to 0.22)) and a reduction in the percentage of patients requiring an increase in oxygen therapy (OR 0.05 (95% CI 0.00 to 0.61)) compared with placebo. There was a significant reduction in deaths (as a tertiary endpoint) with co-trimoxazole treatment (3/53) compared with placebo (3/53 vs 14/65, p=0.02) with a HR of 0.21 (95% CI 0.06 to 0.78) ( p=0.02). All 17 deaths were due to a respiratory cause with seven (40%) resulting from gradual progression of IPF itself and five as a result of pneumonia (all in placebo arm), with the majority of non-IPF-related deaths exhibiting signs in keeping with a gradual rather than acute progression of underlying IPF (online table E2). In the placebo group, 13% (2/15) of those who withdrew died within 1 month of withdrawing and 6% (2/36) of patients in the intervention group who withdrew died within 1 month. Patients receiving immunosuppressive treatment at entry into the study were more likely to die if they were in the control group (immunosuppression 12/35, no immunosuppression 2/30, p=0.015). However, baseline immunosuppressive therapy did not have an effect on mortality in the intervention group (immunosuppression 3/28, no immunosuppression 0/25, p=0.238). The ORs for death in the intervention group relative to the control group were 0.49 (95% CI 0.00 to 6.37) in the no baseline immunosuppressive medication group and 0.23 (95% CI 0.06 to 0.92) in the baseline immunosuppressive medication group. The interaction test (ie, whether these ORs are the same) was 1.00. For patients with honeycombing on the HRCT scan, a histopathological diagnosis of UIP or predicted to have a histopathological diagnosis of UIP, 9 there was a significant ( p=0.024) reduction in deaths with co-trimoxazole (2/46) compared with placebo (12/62), with a HR of 0.17 (95% CI 0.04 to 0.79)) (online table E3).
Adverse events
Thirty percent (28/92) in the co-trimoxazole group and 8% (7/86) in the placebo group withdrew due to an adverse event ( figure 1 and table 3) . One patient receiving co-trimoxazole and azathioprine developed severe transient neutropenia which required hospitalisation. Following this, all patients receiving azathioprine or mycophenolate mofetil had 2-weekly monitoring of their full blood count and two other patients (both receiving azathioprine and co-trimoxazole) were withdrawn because of neutropenia. There was a significant reduction in the number of patients with one or more infection in the co-trimoxazole treatment group compared with the placebo group. An increase in the reporting of nausea and rash was seen in the co-trimoxazole group. In the placebo group, 12.5% (7/56) had an increase in creatinine of 10 mmol/l from the baseline value compared with 59.3% (32/54) in the treatment group.
DISCUSSION
This study showed that co-trimoxazole had no effect on lung function parameters, 6MWT and desaturation, MRC dyspnoea score or mortality in patients with fibrotic IIP, although there was a difference in the symptom domain of SGRQ and oxygen use in the intention-to-treat analysis. The improvement in SGRQ scores might not be entirely relevant to the IPF population for two reasons: (1) the SGRQ was designed for patients with airways disease and some questions are not diseasespecific to IPF; and (2) the minimum important difference of four scores accepted for chronic obstructive pulmonary diseasemight not be adequate in IPF as it has recently reported to range from five for the activity domain to eight for the symptoms domain. 13 Nearly one-third of patients receiving co-trimoxazole withdrew because of side effects, mostly rash and nausea; however, there were fewer side effects related to infection in the treatment group. Based on this information, we cannot recommend that patients with IPF are prescribed co-trimoxazole as there was no difference in the established functional measures of disease control. The analysis of those patients adhering to the protocol ( perprotocol analysis) showed that co-trimoxazole had no effect on pulmonary function, 6MWT and desaturation and MRC dyspnoea score, but led to an improvement in health-related quality of life (as measured by the EQ5D-based utility and SGRQ) and fewer patients required commencement of oxygen therapy. Our findings also raise the possibility that co-trimoxazole improves survival as there was a fivefold reduction in mortality in those patients adhering to treatment.
The difference between the findings of the intention-to-treat and per-protocol analyses may be due to improved survival in those adhering to treatment, as we would not expect any effects of co-trimoxazole to be exhibited following cessation of this treatment. Alternatively, it could be due to increased mortality in those withdrawing from the drug because of side effects or the higher withdrawal rate in the active group could be a marker of the disease severity. However, the reduction in mortality was not due to a disproportionate withdrawal of patients in the treatment arm immediately prior to death as only four patients (two from each group) withdrew from the study within 1 month of death.
The survival benefit conferred by co-trimoxazole, if real, could be due to its antimicrobial activity as there was a significant reduction in the number of infections in the group receiving active treatment. While this study was not designed to collect microbiological information, it is possible that chronic microbial colonisation of the respiratory tract in genetically susceptible hosts might contribute to alveolar epithelial injury in IPF.
14 Although viral pathogens have been associated with IPF, Furthermore, it is known that the mortality of IPF is greater in the winter even when recognised infection is excluded, 18 and infections can trigger acute decline in IPF leading to death. 19 It is also possible that co-trimoxazole has effects that are independent of its antibiotic action. Co-trimoxazole has been shown to have an immunomodulatory effect leading to a reduction in the rate of relapse in patients with granulomatosis with polyarteritis (formerly Wegener's granulomatosis) 20 and to beneficial effects in rheumatoid arthritis. 21 In vitro studies suggest that co-trimoxazole may reduce neutrophil-derived oxidative stress 22 and/or divert the profibrotic Th2-mediated responses to a more favourable Th1 environment. 23 In keeping with retrospective data, 24 we have also shown that treatment with immunosuppression may be a predictor of increased mortality, as mortality in the control group was greater in those patients receiving immunosuppressive therapy at baseline. Indeed, the interim safety analysis from the study of prednisolone, azathioprine and N-acetylcysteine for pulmonary fibrosis reported that treatment with immunosuppression was associated with increased mortality compared with placebo. 25 It is not possible to determine whether co-trimoxazole affects acute exacerbations of IPF owing to the small number of IPF-related deaths in this study. As many of our patients were on immunosuppressive treatment at recruitment, co-trimoxazole may have acted by preventing immunosuppression-related infections. However, in all analyses, adjustment was made for the effect of treatment with azathioprine/mycophenolate mofetil at baseline, and the treatment effect of co-trimoxazole did not appear to be confined to those receiving immunosuppressive therapy in the subgroup analysis. The study described here was conducted prior to the most recent guidelines for the diagnosis and management of IPF. 3 Patients were entered into the study based on clinical and HRCT findings and few patients had histological confirmation of their disease, which reflects current clinical practice in the UK and is similar to other clinical trials. 26 However, both of our sensitivity analyses of patients with definite/probable IPF showed the same degree of mortality benefit with co-trimoxazole. A high proportion of patients on immunosuppressive therapy at recruitment (which finished in December 2009) could be explained by the fact that most of the cases were prevalent so their treatment approach was based on IPF guideline recommendations from 2000. 27 Interestingly, the British Thoracic Society national interstitial lung disease survey with data collected during late 2010 and early 2011 showed that around half of responders (total of 120) continued to use prednisolone (55%) and azathioprine (49%) for the treatment of IPF at the time. 28 In summary, while we have been unable to demonstrate that co-trimoxazole has an effect on disease progression in patients Figure 2 Kaplan-Meier plots of time until death based on intention-to-treat and per-protocol populations. There was no difference in mortality between co-trimoxazole (19/86) and placebo (18/95) at 12 months in the intention-to-treat analysis but there was a significant difference in the mortality between the co-trimoxazole (3/53) and placebo (14/65) groups at 12 months which amounted to a HR of 0.2 (95% CI 0.06 to 0.78) in the per-protocol analysis.
with IPF, our data provide some evidence that treatment with co-trimoxazole may improve survival in people with IPF and, if so, the mechanism might be by reduction of respiratory infection. Further studies to verify these findings are needed. 
